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ABSTRACT: Soil cement is a mixture of soil with cement. The usefulness of this mixture is very meaningful to increase 
the carrying capacity of the land. Weakness that accurs from this mix is the process by cement shrinkage and hydration. 
This process can lead to cracks and effect the compressive strength and carrying capacity of the soil cement. With the 
addition of fiber in this mix can reduce or even eliminate the process of shrinkage and hydration. Natural fibers as a 
mixture of palm fibers, which can be obtained easily in the market and a lot cheaper. Tests carried out at the Laboratory 
of Soil Mechanics, Department of Civil Engineering, Polytechnic of Samarinda, East Kalimantan. Testing the physical 
properties and modified compaction test as a first step. The next stage is done in 3 stages: first the addition of cement 
10%, then the second stage of the addition of palm fibers (2,5%;5%;7,5%) and third stages 1% reduction in the amount 
of cement in the soil-cement mixture with 5% palm fibers. Palm fibers can increase the compressive strength of soil-
cement between 54,71%-68,38% and CBR between 1,91%-43,39%. Palm fibers 5% by weight of cement is an ideal 
amount of soil-cement mixture.  
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INTRODUCTION  
Soil cement is a composite material consisting of 
soil, portlandcement and water. Sariosseiri F. et al. 
(2011) conduct research on soil stabilization with cement 
on natural slopes in Socorro, seen that the addition of 
cement decreases the release of granular soil on slopes 
and observations during 5 months. Usually the soil is 
stabilized with cement laterite soil, stone sand, clay-sand 
or sand clay (Uzomaka et al. 2010, Stavridakis 2005, 
Park 2010, Mahasneh et al.2005). Cement mixed with 
soil having properties: hard, rigid, durable and good in 
term of spreading the load. These properties can result in 
a crack in the soil-cement. This is due to the shrinkage of 
the mixture, or drying due to cement hydration (Gaspard, 
Kevin J., P.E., et.al. 2003). If damage accours on the 
highway, it will show on the road surface in the form of 
reflective cracks. This cracks if left then water can enter 
the soil and potentially reduce the carrying capacity. 
Other cracks are due to volumetric changes in the soil 
due to the pressure caused by the load (Taha, Omer 
M.E., et. Al., 2011).  
In cases such a good alternative to prevent or reduce the 
occurrence of cracks was done mixing the fibrous 
material. Serves to hold the fibrous material tensile 
strength, shear strength between soil particle and pore 
filler soil-cement. Thus the fiber can increase the 
strength or bearing capacity of soil-cement cracks and 
withstand levels that will occur. Ud-din, S. et. al. (2011) 
stated that the influence of high pressure on land 
restrictions Portaway sand mixed with polypropylene 
fibers increase the stress and carrying capacity. Chan, 
Chee-Ming (2011) stated that the natural fibers of 
pineapple leaves (PF) and bunches of palm oils (OF) 
mixed into low-land then blended cement increased 
compressive strength and is not followed by a decrease 
in density. Mustapha Alhaji M., (2008) stated that soil-
reinforcement with bamboo can improve the 
compressive strength and modulus of rigidity. 
Chegenizadeh et al. (2011) conduct research into the 
effects of plastic fiber size between 1-2,5 cm of the soil-
cement. Stated that fiber increase the compressive 
strength and ductility.  Kalantari et al. (2008) conduct 
research peat soil stabilization with cement mixed with 
polypropylene fiber, can increase the compressive 
strength and CBR. Suroso P. (2011) examines the effect 
of palm fibers in soil-cement (soil CL), stated that the 
fibers 5% of the weight of cement gives maximum CBR 
value and reduction of cement to 2% still provide 
significant value of CBR. 
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EXPERIMENTAL PROGRAM 
 
Material and Testing 
Tests carried out at the Laboratory of Soil 
Mechanics, Department of Civil Engineering, 
Polytechnic of Samarinda, East Kalimantan. The soil 
used was taken from Km 13 Road Samarinda-
Balikpapan, East Kalimantan and palm fibers 0,1-0,5 
mm in diameter and 3 cm long (Fig.1). Origional soil test 
results based on ASTM 1997 (Table 1), USCS 
classification method and cement type I PCC. 
 
 
 
 
 
 
 
 
a)                                       b) 
 
 
 
 
 
 
 
 
c) 
Fig. 1 a)  Soil   b) Palm Fibers c) Soil-Cement Mixed 
Palm Fibers 
 
Table 1  Properties of soil  
Property Value 
Specific Gravity 2.62 
LL 
PL 
PI 
Coarse sand 
18.33% 
11.20% 
7.13% 
1.22% 
Medium sand 
Fined sand 
Silt 
Clay 
Modified Compaction: 
 -  dry max. 
 -  wopt. 
  
8.91% 
57.07% 
15.21% 
17.59% 
 
2.03 gr/cm3 
9.21% 
 
Specimens made by optimum moisture content and 
maximum weigth of contents and cement 10%. 
Calculated amount of cement to soil dry weight, the 
calculation is: 
 
  Wc = % cement x Ws                                                   (1) 
 
Wc = weight of cement; Ws = weight of soil dry. 
Palm fibers randomly mixed: 0%, 2.50%, 5%, 7.50%  
and amount by weight of cement based, the calculation 
is: 
 
  Wi = % palm fibers x Wc                                            (2) 
 
Wi = weight of palm fibers; Wc = weight of cement.   
Specimens made by wopt. and dry max. then the 
maintenance of specimens in the room temperature and 
humidity constant. Compressive strength test the 
specimens at the age of 3, 7, and 14 days and CBR at age 
of 7 days.  
 
RESULTS AND DISCUSSION 
 
Unconfined Compressive Strength 
Fig. 2 showed an increase in the compressive 
strength of cement addition (8%, 9%, 10%) and the age 
of the specimen is (3,7,14; days). Cement 8% increase 
respectively 580.96%; 721.68% and 850.96%. Cement 
9% increase respectively 727.28%; 815.45% and 
901.23%. And cement 10% increase respectively 
817.32%; 908.48% and 1006.79%. The increase was due 
to a compound of cement (calcium silicate and 
aluminate) when mixed with water to form hydrated 
compounds and become hard and stronger bond covering 
the soil grains. The longer the age of the specimen, then 
the compressive strength will be increased up to a certain 
age limit. Park Sung-Sik, et. al. (2010) stated that the 
influence of wetting and drying (cycle 3 times) within 28 
days of soil mixture of sand with cement. The results 
show that a constant compressive strength after 28 days. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Variation of Uconfined Compreesive  Strength 
and Cement for different curing time 
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Fig. 6 UCS Cement 8% versus Variation Fibers 
 
 
Fig. 7 UCS Cement 9% versus Variation Fibers 
 
 
 
Fig. 8 UCS Cement 10% versus Variation Fibers 
 
 
 
Fig. 3, Fig. 4 and Fig. 5 shows an increase in the 
compressive strength of soil cement 8%, 9% and 10% 
with a variation of a mixture of fibers 0%, 2.50%, 5% 
and 7.50%, and testing of specimens aged 3, 7 and 14 
days. Fibers is a fibrous material that can increase the 
compressive strength of soil cement, this is because the 
nature of the fibers are natural fibers that can withstand 
the pull, bending and resistant to the environment. Sahari 
et al. (2012) stated that the fibers have content = 52.30% 
cellulose, lignin = 31.50% and ash = 4.00%. Christina 
(2008) stated that the fibers have content = 51.54% 
cellulose, lignin = 43.09% and ash = 2.54%. The 
addition of fibers increases the compressive strength, but 
when the fibers are too much will lower compressive 
strength. Sarjono et al. (2008) states that for the making 
paving blocks that sugar palm fibers content of 4% of the 
cement-sand mixture give the value of tensile strength 
and ultimate compressive strength.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dari grafik Fig.6, Fig. 7 dan Fig. 8 shows that, 
amount of 5% is a mixture of fibers that have a 
maximum value of compressive strength. Value of 
compressive strength of soil cement 8%, 9%, 10% of the 
fibers 5%, respectively 30.38kg/cm2 (up 54.71%), 
33.90kg/cm2 (up 54.40%), 40.86kg/cm2 (up 68.38%). 
This shows that the composition of the fibers 5% of the 
weight of the cement can fill the pores between grains of 
soil and cement in a balanced way. In addition it shows 
the friction between fibers and soil cement in optimum 
condition. 
 
California Bearing Ratio (CBR) 
Fig. 9 shows with the addition of cement improve dry 
and CBR, this suggests that the hydrated cement 
hardening increased continuously. The more the amount 
 
 
Fig. 3 UCS Cement 8% versus Specimens Test 
 
 
 
Fig. 4 UCS Cement 8% versus variation fiber 
 
  
Fig. 5 UCS Cement 10% versus Specimens Test 
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of cement, the level of violence is much greater 
according to the nature of cement. 
 
 
 
 
 
 
 
 
 
        Fig 9. Relationship with a cement content  
         of  dry  and CBR 
 
Fig.10 shows the effect of palm fibers to the soil-cement  
density. Addition of palm fibers affect the decline in dry 
but increasing wopt. dry decline as palm fibers have unit 
weight is smaller than the soil, and urged grains. 
Increase in wopt. for palm fibers do not absorb water, but 
necessary to achieve the maximum density of water. 
 
  
 
 
 
 
 
 
 
 
Fig 10. Palm Fibers Relationship with dry  and wopt. 
 
Sudarmadji I., et. al. (2005) conduct research clay 
mixed with palm fibers. And stated that the sugar palm 
fiber increases soaked and unsoaked CBR between 
1,76%-9,27% and 1,16%-4,30%. Figur 11 shows the 
increase in CBR is mixed with palm fibers. Shows that 
soil-cement with 10% variation fibers 2,50%, 5% have 
increased, but decreased for the mixture 7,5%.  CBR 
increased successively: 43,39%, 38,28% and 1,91%. 
This shows that when too much sugar palm fiber may 
reduce the carrying capacity of the soil-cement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 11. CBR relationships with a variety of palm fibers 
CONCLUSION 
From the above description can be concluded that:  
- Cement will fill the pores of the soil so dry density 
increases, but decreases water content. 
- Compressive strength of soil-cement increases 
linearly until the age of 14 days, and CBR also 
increased.  
- Palm fibers can increase compressive strength and 
CBR of soil-cement, but in large quantities can be 
lowered. 
- Palm fibers can increase compressive strength 
between 54.71%  – 68.38% and CBR between 1,91% 
- 43.39% of soil cement 10%. 
- The addition of 5% palm fibers is the ideal number. 
- The amount of water in the soil cement mixture, 
cement water factor must be considered. 
- Can be done further research on the characteristics of 
shear strength, elasticity. 
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